

















mRNAの過剰発現により著しく陥入を阻害する遺伝子 champignon ( cpg)を単
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5-2-1.アフリカツメガヱル ωilagenσpe1 alpha 1の同定
5-2・2.ωilagentype 1 alpha 1の発現











































胞の convergentextension運動の4つの要素によって説明される CKeller，1980; 
Keller et a1.， 1985; Keller and Dani1chik， 1988; Hardin and Keller， 1988; Keller and 
Tibbetts， 1989; Wilson and Keller， 1991; Keller and Jansa， 1992; Keller et a1， 1992; Shih 




除去した怪でも陥入は阻害されない CKellerand Jansa， 1992) ので原腸陥入を引








いる CKeller，1980; Keller et al.， 1985; Keller and Dani1chik， 1988; Hardin and Keller， 
1988; Keller and Tibbetts， 1989; Wi1son and Keller， 1991; Keller and Jansa， 1992; Keller 




分としては fibronectinが考えられている CLeeet al. 1984)。実際、 fibronectinの
機能を機能部位のポリペプチド断片や抗体で阻害すると、中日杢葉の移動が妨げ
られる CBouωutat al.， 1984; Wink1bauer， 1990; Ramos and DeSimone， 1996; Ramos et 
al.， 1996; Winklbauer and Keller， 1996)。また、接着分子である C-cadherin CLee and 
Gumbiner， 1995; Zhong et al.， 1999)、Xcadherin-ll CHadeball et al.， 1998)、Paraxial
protocαdherin (Kim et a1.， 1998) については、その mRNAの過剰発現により
2 
convergent extension運動が阻害される。 C-cadherinについては抗体による機能阻
害によっても convergentextension運動は阻害される(Lee釦 dGumbiner， 1995; 









伝子 champignon ( cpg)を単離したo cpg はPOZ/Znfinger蛋白質をコードしてお
り、ホモロジー検索の結果、 cpgはヒト (Widomet al.， 1997)及びマウス(Galera 
et al.， 1994; Galera et al.， 1996)のc-kroxと高い相向性示し、アフリカツメガエル









い相向性を示す晴乳類の hc-krox(Widom et al.， 1997)はη'Pe1ωilagen，¥ fibronectin 
の転写抑制を行っていることから、 cpgも同様にそれらのターゲット遺伝子
(ωJ1agen type 1 aJpha 1、fibronectin)の転写抑制を行っていることが予測された。
そこで cpgの転写調節機構を調べるべく、cpg過剰発現怪における ωilagentype 
3 
1 aJpha 1の発現量を調べようと試みた。しかしながら、研究を始める段階でアフ
リカツメガエルの ωi1agentype 1 aJpha 1は単離されていなかったので、まずアフ
リカツメガエル ωi1agentype 1 aJpha 1のクローニングを行った上で研究を進めた。
ωi1agen type 1 aJpha 1とcpgのmRNAの発現領域は後期神経以後は相補的である
が、原腸匪期での ωi1agentype 1 aJpha 1の転写産物は検出されなかったため、
ωi]Jagen type 1 aJpha 1は原腸陥入運動に影響を及ぼす cpgのターゲット遺伝子で
はないと考えられる。
アフリカツメガエルの βibronectinのプロモーター領域を含むリポーター遺伝
子 (Gradlet al.， 1999)の転写量は後期原腸怪期において cpgによって抑制されて
いた。しかしながら、 ψgの過剰発現により陥入阻害された原腸怪の形態は
















により除去した。発生ステージは Nieuwkoopand Faber (1967)の発生段階表に
基づき決定した。
2、RNAの抽出
全RNAの抽出法として、cDNAライブラリー作成に関しては CsTFA (Pharmacia) 
を用いた超遠心法 (Okayamaet al.， 1987)、northemhybridization、RT-PCRに関し
てはAGPC法 (Chomczynskiand Sacchi， 1987)を用いた。
3、cDNAライフラリーの作成
卵巣、卵母細胞、原腸任期以前の各ステージの隆、外植体から抽出した全 RNA
から polyA仕actmRNA Isolation System (promega) により mRNAを抽出し、
ZAP-expression cDNA synthesis kit (Stratagene) を用いて 2本鎖の cDNAを得た。
cDNAは両サイトをEcoRI、XhoIで切断した pCS2+あるいは ZAPexpress vector 






のを鋳型とし、 capanalog (STRATAGENE) とSP6RNAポリメラーゼにより
capping mRNAを合成した。合成した mRNAは100ng/μlに希釈し、割球あたり
2.5-10nl顕微注入した。コントロールとしてs-g，α1mRNA (1ng) を同様に顕微注





cDNAライブラリー(プラスミド)を 1フレー トに約 100クローン含まれるよう
に、大腸菌 CXL-1Blue自MRF')に形質転換した。各プレート毎に全てのクローン






Form 8は3‘末端を欠いていたので、 Form8から RI標識プローブを作成し、卵
巣 cDNAライフラリーのスクリーニングを行い、 champignon(cpg)の全長 cDNA
を得た。得られたクローン cpg(in ZAP express)から invivo excisionによってくpg
(in pBK・CMV) を千尋たo cpg (in pBK・.CMV) はSalI、XhoI切断し、フラグメン
トを同酵素処理した pBSKII(+)へ挿入し cpg(in pBSKII( + ))を作成した。その後、
cpg (in pBSKII( +))を ClaI、XhoIで切断し、フラグメントを同酵素処理した pCS2+
へ挿入し cpg(in pCS2+) を作成した。以後に用いられる過剰発現等の実験では
cpg (in pCS2+) を用いて行った。
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6、ωJJagentype 1 alpha 1のクローニング
尾芽匪期 st.25の怪から抽出されたいgの全RNAから Oligo(dT)プライマ一、
Superscript I (Gibco)を用いて、逆転写酵素反応により 1本鎖 cDNAを得た。





のスクリーニングを行い、 全長 cDNAを含むクローン ωJJagenσpe1 alpha 1 (in 
ZAP express) を得た。得られたクローン ωJJagentype 1 alpha 1 (in Z生Pexpress) 
から invivo excisionによってωJlagenσpe1 alpha 1 (in pBK-CMV)を得た。 ωJJagen
type 1 alpha 1 (in pBK-CMV)はSalI切断後、平滑処理を行い、さらにXhoI切断
した後、フラグメン卜を StuI、XhoIで切断したpCS2+へ挿入し ωJlagentype 1 alpha 
1 (in pCS2+) を得た。
7、ノーザンハイブリダイゼーション
卵巣から抽出した全 RNAから polyAtractmRNA Isolation System (Promega) によ
り10μgのmRNAを抽出し、 1%のアガロース変成ゲルで電気泳動を行った。そ




得られたクローン、コンストラクト等のシークエンスは BigDyeTerminator Cycle 
Sequencing kit (PE Applied Biosystems)あるいは Fluorescentdye-labeled primer cycle 
sequencing kit (Amersham) を用いて PCR反応を行い、その後ABIPRISM1M310 




抽出されたいgの全RNAから Oligo(dT)プライマ一、 SuperscriptI (Gibco) 






cpg forward デー AAGCCTGGGCTACGAGACAT-3'
reverse デー TCATGGAGAGAGGCACATCG-3' 
Histone4 forward 5にCGGGATAACATTCAGGGTATCACT-3'
reverse デ-ATCCATGGCGGTAACTGTCTTCCT-3'




Xbra (Genbank accession number: M77243) forward (nt 432-451) ，reverse (nt 
733-714) 
goosecoid (M81481) forward (nt 430-447) ，reverse (nt 917-900) 
noggln (M98807) forward (nt 995・1012)，reverse (nt 1275-1258) 
Xwnt-8 (X57234) forward (nt 1126-1143) ，reverse (nt 1457・1440)
szamols (Z48606) forward (nt 539・560)，reverse (nt 848-827) 
N-CAM (M25696) forward (nt 2817・2834)，reverse (nt 3159-3142) 
Otx-2 (U19813) forward (nt 770・791)，reverse (nt 1108-1087) 
MyoD (X16106) forward (nt 221・240)，reverse (nt 512-493) 
GATA-2 (M76564) forward (nt 982-1001) ，reverse (nt 1400・1381)
C-cαdherin (U04707) forward (nt 1372-1391) ，reverse (nt 1814-1795) 
PAPC (AF042192) forward (nt 2490-2509) ，reverse (nt 2955-2936) 
fibronectin (民1:77820) forward (nt 7144・7163)，reverse (nt 7543・7524)
8 
1 0、Wholemount in situ hybridization 
Whole mount in situ hybridizationはHarland(1991)の方法により行ったo cpg (in 
pCS2+)、ωi]Jagentype 1 aJpha 1 (in pCS2+) ともにEcoRIで切断後、これらのフ
ラグメントを鋳型にし、 17RNAボリメラーゼによって digoxigenin-labeledRNA 
probeを作成した。検出には基質として alkalinephosphatase substrate (NBT) 
(Boehringer Mannheim) を使用した。
1 1、組織切片
庇を 2%グルタールアルデヒド (0.1MPBS : pH 7.5)で一晩固定し、エタノール
による脱水、キシレンでの置換を経て、 ParaplastPlus (Sigma) に包埋した。マ
イクロトームにより厚さ 10μmの連続切片を作成し、キシレン、含水エタノール
により段階的に水性に置換した後、 0.1% azocarmine Bで20秒、 0.2%aniline blue、




医を 2%グルタールアルデヒド (0.1MPBS : pH 7.5)で一晩固定し、剃万刃で佐
の中央部で2分し、 1% OS04 (0.1M PBS : pH 7.5)で後固定した。その後、アセ
トンにより段階的に脱水した後、液体二酸化炭素により臨界点乾燥を行い、走
査型電子顕微鏡 (JSM-5800LV)で観察した。
1 3、Kellersandwich experiment 
2細胞期怪の両割球の帯域に cpgmRNA (1ng) を顕微注入した怪と正常匪を原
腸怪初期 st.10まで飼育し、 Kel1er(1991) の方法により外植体を得た。その後、
対照匪が神経庇期 st.20に達した時期に外植体の伸長の様子を観察した。
9 
1 4、Animalcap assays 
2細胞期医の両割球の動物極に cpgmRNA (lng) を顕微注入した匪と正常匠を
胞怪期 st.8まで飼育し、animalcapsを切り出した。1印19!mlhuman recombinant 





cpg (in pCS2+) を鋳型に下記のフライマーを用いて KODDNA polymerase 
(TOYOBO)による PCRフラグメントを得た。得られたフラグメントをEcoRI、
XbaIで切断し、同酵素で処理した pCS2mt-UGPに挿入し cpg-GFPを得た。
GFP-UP 5' -CTTGAATTCCCAGGTGAAGATGGCAAGCTC-3' 
GFP-DOWN 5'-CATTCTAGATGAAGCGTCCAAAACCCCCTC-3' 。
15-2、Form1 
































cpg (in pCS2+) をEcoRI、XhoI切断し、同酵素で処理した pBSKII(+)へ挿入し
たD そしてAatIで切断後、平滑処理したベクター断片を作成した。 一方下記の
11 
































ラーゼリポーター遺伝子 (Gradlet al.， 1999) (25pg) を2細胞期怪の両割球の
帯域に顕微注入し、原腸匪後期 st.12に5個の怪を ReporterLysis Buffer 
(Promega) 15Qμlにビペッティングで溶解した。溶解液を 40C、12000rpmで2
分間遠心し、上清の 100μiを分取した後、さらに 400μlのReporterLysis Buffer 
を加えて容量を 500μiにした。この怪抽出液を一度-850Cで凍らせてから融解後、







た。 cpgは全長約 2.4kbp (図 1)で470アミノ残基をコードしていた(図 2)。
cpgはN末領域に POZドメイン(図 3) とC末領域に kruppel様の C2H2タイプ
のznフィンガードメインを3つ有していた。 PSORT(Nakai and Horton， 1999) 
の解析によって、 cpgは3箇所の核内移行シグナルを有することが予測された
(図 2) 0 BLASTによるホモロジー検索によって、 cpgはC2H2タイプの転写因
子であるヒト c-krox(hc-krox; Widom et al.， 1997)、マウス c・krox (mc-krox; Galera 













った(図 6)。原腸佐後期まではcpgの発現量が低く、wholemount in siωhibridizati on 





































































示すことが知られている CKelleret al.， 1985; Keller and Danilchik， 1988)ので、 cpg
過剰発現怪から作成した Kellerサンドウィッチ塊の伸長反応を調べた。その結果、
cpgmRNAの過剰発現によってKellerサンドウィッチ塊の伸長は著しく阻害され
た(図 14)。また、高濃度の activinで処理した animalcapはconvergentextension 
運動を模倣して、伸長反応することが知られている CSymesand Smith， 1987; 
Symes et al.， 1994) ので、 cpg過剰発現怪で animalcap assaysを行った。その結果、
正常怪の animalωpはactivinによって伸長する(図 15A)のに対し、 cpgはactivin
による伸長作用をほぼ完全に阻害した(図 15B)。また、組出alcap外植体は activin
の濃度依存的に様々な組織に分化することが知られている CSymesand Smith， 
1987; Symes et al.， 1994)が、 cpgによる伸長反応の阻害は組織分化に影響しない。
これは animalcapのRT-PCRによって中座葉マーカー遺伝子 Cnoggin，均loDand 









てC-cadherin (Lee and Gumbiner， 1995; Zhong et al.， 1999)やPAPC (Kim et al.， 
1998)が報告されている。そこで、 cpgがこれらの遺伝子を介して convergent
extension運動を組害している可能性を調べるために、原腸任期の cpg過剰発現庇







成し、その蛋白質が核内に移行するかを調べたo cpg-GFP mRNA (lng) を2細
胞期の両割球側方帯域に顕微注入した結果、胞佐中期までは GFPによる蛍光シ
グナルが細胞質中に存在している(図 18A、B)が、胞佐後期以後は蛍光シグナ
ルが核内に移行することが分かった(図 18C、D)。したがって cpgが zygotic
な転写因子として機能する可能性が示唆された。
5-2、転写抑制因子としての cpg(1) 
cpgと相向性の高かったヒト hc-kroxはcollagenかpeIα炉lha1 (COLIAl) と





るが、 ωI}jagentype 1 aJpha 1遺伝子に関しては報告されておらず、研究を進める
上でアフリカツメガエルにおいて ωI}jagentype 1 aJpha 1を単離する必要に迫られ
た。そこで、まずアフリカツメガエルにおける ωI}lagentype 1 aJpha 1を同定する
実験を行った。
5-2-1、アフリカツメガエル ωI}jagentype 1 aJpha 1の同定
既知の脊椎動物の collagentype 1 alpha 1 CAsahina et al.， 1999a， b;Li et al.， 1995)の
アミノ酸配列をもとに縮重フライマーを作成し、 st.25の怪から RT-PCRによっ
て ωI}jagenσpe1 aJpha 1のフラグメントを得た。このフラグメントをプローブに
卵巣 cDNAライブラリーのスクリーニングによってアフリカツメガエルωI}jagen
type 1 aJpha 1の全長 cDNAを得た。 ωI}jagentype 1 aJpha 1は約 5.7kbpで 1447アミ
ノ残基をコードしていた(図 19)。 アフリカツメガエル collagentype 1 alpha 1 
も既知の collagentype 1 alpha 1と同様にフロリンとグリシンを多く含んでいた O
BLASTによるホモロジー検索によって、アフリカツメガエル collagentype 1 alpha 
lはウシガエル CRanacatesbeiana)、イモリ CCynopspyrrhogaster)、ニワトリ、
ヒト、マウスの collagentype 1 alpha 1と高い相向性を示し(図 20)、ウシガエル
と88.1%、イモリと 85.0%、ニワトリと 83.7%、ヒトと 81.7%、マウスと 80.6%
のアミノ酸残基で一致していた。
5・2・2、ωI}jagentype 1 aJpha 1の発現
RT-PCRによって、 ωI}jagentype 1 aJpha 1の転写産物の量は神経管が閉じた後に急
激に増加することが分かった(図 21) 0 whole mount in situ hybridizationによって
st.25の背側後方領域に初めて発現が認められた(図 22A)。その後、発現領域
は前方部に広がり(図 22B)、st.30には頭部領域での発現が認められるように





方に 2分し、それぞれの領域での ωJJagentype 1 alpha 1の発現量をRT-PCRによ
って調べた結果、妊の後方部ではまだ体節化が起こっていない st.20でも既に後
方での発現量が多いことが認められ、その傾向は st.30まで続いていた(図 23)。
5・2・3、cpgによる ωJJagentype 1 alpha 1の転写抑制
神経怪期 (st.20)以後に初めて ωJJagentype 1 alpha 1の発現が検出され(図 21)、
また ωJJagentype 1 alpha 1とcpgを共に顕微注入しでも cpgによる原腸陥入阻害
のレスキューはされなかった(data not shown)ので、 cpgによる原腸陥入阻害に
ωi1agen type 1 alpha 1は関与していないと考えられる。しかし、 collagentype 1 alpha 
Iの転写因子である hc-krox、mc-kroxのznフィンガードメインは非常に高い相
向性(図めが確認された。また、 ωi1agentype 1 alpha 1の発現は匪の後方領域か
ら始まり、徐々に怪の前方部へと発現領域が広がって行ったが、妊の前方で確
認された cpgの発現領域(図 8C、D)と相補的であったので、発生後期ではぐpg





多く、さらに zygoticな発現は原腸任期 st.12以後に始まる(Leeet al.， 1984; 

































POZドメインは蛋白質問相互作用に寄与するドメイン (Bardwelland Treisman， 
1994)で、この領域の有無によって転写因子としての機能が異なるという報告








cpgと同レベルのルシフエラーゼ活性を示し、 C末端領域を含まない Form8" 1 
は cpgよりもさらに低い活性(強し 1抑制〉を示した。さらに、原腸陥入阻害が起
こらなかった Form4と5または Form6と7のルシフエラーゼ活性を比較しでも、
C末領域を含む Form4" 6の方が含まない Form5と7よりもルシフエラーゼ活
性は高かった。これらの結果は C末領域が転写活性化ドメインとして機能する
ことを示唆する。































extension運動によって説明される (Keller， 1980; Keller et al.， 1985; Keller and 
Danilchik， 1988; Hardin and Keller， 1988; Keller and Tibbetts， 1989; Wilson and Keller， 
1991; Keller and Jansa， 1992; Keller et al， 1992; Shih and Keller， 1992a， b)。中座葉の
移動やボトノレ細胞の形成を阻害したり、動物半球を除去した場合でも、原口は















いる CKeller，1980; Keller et al.， 1985; Keller and Danilchik， 1988; Hardin and Keller， 
1988; Keller and Tibbetts， 1989; Wilson and Keller， 1991; Keller and Jansa， 1992; Keller 


























CKaplan and Calame， 1997; Dhordain et al.， 1998; A加ladet al.， 1998)。原腸匪期に
convergent extension運動は背側帯域で始まるが、その時期に cpgは妊に一様に存





プのznフィンガー蛋白質の N末領域の 5-10%長に位置しており CBardwelland 
Treisman， 1994) 、染色体のコンフォメーションを制御して遺伝子の発現を調節
する CAlbagliet al.， 1995)。多くの POZ遺伝子は転写抑制因子として報告されて
いる CDhordainet al.， 1998; Ahmad et al.， 1998)が、転写活性化因子として報告さ
れている場合もある。さらに、 ZF5のPOZドメインは転写活性、転写抑制の向
方の機能に関与することが知られている CKaplanand Calame， 1997)。




collagen砂pe1 aljフ'hal、fibronectinの転写抑制因子であり CWidomet al.， 1997)、
mc-kroxはcollagenかpe1 aZpha 1、2の転写活性化因子である CGaleraet al.， 1994; 








cpgとcollagen砂pe1 aljフ'ha1の発現域は相補的であったので、 cpgがcollagentype 1 





et al.， 1999) は原腸匪期以後に cpgによって転写が抑制されることを示した。し
かし、 βbronectinはmaternalなmRNAが大量に存在し、 zygoticな発現は原口がほ
ぼ閉じてしまう原腸匪期後期 st.12から始まり、その発現量は多いことが知られ




Winklbauer， 1990; Ramos and DeSimone， 1996; Ramos et al.， 1996; Winklbauer and 
Keller， 1996) ことが報告されているが、 cpg過剰発現怪の咽頭内匠葉及び中佐莱
の移動はほぼ正常であった。また、 convergentextension運動は cpgによって阻害
されるが、 fibronectinによる影響は受けない (Kellerand Jansa， 1992; Smith et al.， 
1990)。したがって、 βbronectinもcpgによる原腸陥入阻害に関与するターゲツ
ト遺伝子では無いと考えられる。
すでに述べたように cpgの過剰発現は、現在知られている convergentextension 
を阻害する接着分子 C-cαdherin(Lee and Gumbiner， 1995; Zhong et al.， 1999)、PAPC
(Kim et al.， 1998) の発現量にも影響を与えなかった。したがって、これらの遺
伝子以外に原腸陥入阻害に関与する直接的な cpgのターゲット遺伝子が存在す
ることが予測される。 hc-kroxはbigかcαnの上流領域にも結合することが報告さ
れており (Heegaardet al.， 1997)、biglycanが原腸陥入阻害に関与する直接的な
ぐpgのターゲ、ツト遺伝子かも知れないので、現在アフリカツメガエルの biglycan
の単離を試みている。
最近hc-kroxが結合する領域に同様に結合能を持つ OCZF(osteoclast -derived 
zinc finger)が単離された CKukitaet al.， 1999)。さらに mc-kroxはホモ夕、イマー
複合体を形成 (Galeraet al.， 1996) し、他の POZ/Znフィンガー蛋白質もホモヘ
ヘテローダイマー複合体を形成するという報告もある (Liet al.， 1997; Ahmad et al.， 






mc・kroxはターゲット遺伝子である collagen砂pe1 alpha 1のプロモーター領域の
複数の G+Crichドメインに結合する (Galeraet al.， 1994; Galera et al.， 1996)が、
これらの結合サイトは collagen砂'Pe1 alpha 1の転写活性化因子である CBF
C CCAAT binding factor) CMaity et al.， 1988)、SplCNehls et al.， 1991; Nehls et al.， 
































































転写活性型に機能し (Molenaaret al.， 1996; Roose et al.， 1998)、C末領域に Groucho
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S E D E L工 G 工 P F P 
CCTCAGGTGAAGATGGCAAGCTCTGAGGACGAGCTGATCGGGATCCCTTTCCC 
H S S D L L S S L N E 0 R H S G V L C 
CTCCTGAGCAGTCTGAATGAGCAGCGGCACAGCGGGGTGCTCTG 
1 T 工 K T R G L E Y P T H R A V L A A 
CATTAAGACCCGCGGGCTTGAGTACCCCACCCACCGCGCAGTGCTGGCGGC 
S D Y F R K M F T G M P G R G K C P D 
GACTACTTCCGCAAGATGTTCACTGGCATGCCAGGCCGAGGCAAGTGCCCAGA 
C o L D F L K P D A L G A L L D F A Y 
GCCAGCTGGATTTCCTCAAACCCGACGCCCTGGGTGCCCTGCTGGACTTTGCCTA 
A T L T工 S N G N M R D V L R A A R L 
CGACCCTGACCATCAGT.企ATGGCAACATGCGGGACGTGCTGCGCGCTGCCAGGCT
E 工 P C V V H A C V D 工 L Q C N G H R 
CTGCGTGGTGCATGCGTGTGTGGACATCCTGCAGTGCAACGGGCACCG 
E M G G D A E D L E C F L R A R Q Y L 
GGGGGGCGACGCGGAGGATCTGGAGTGTTTCCTGCGGGCACGTCAGTACTT 
S Y M E N G E N A T P P P E A E S P P 
CCGCCCCCTGAAGCAGAGAGCCCCCC 
H P H N工 P V P P K S V Q 工工 lP R R G 
CCTCACAATATTCCCGTGCCCCCCAAATCCGTGCAGATCATTCCCCGGCGGGG 
K F L Q V N P N R R N Q N G N L L R 
CCTACAGGTCAATCCCAACCGCAGGAACCAGAACGGGAATCTCCTCCG 
A D D S L E R D A S H A G S P P N E P 
GGGTCGCCCCCTAATGAGCC 
L G Y E T Y A 0 D N G L G G H T工 F V 
CTTTGT 
P S P P E E工 L S D E E T S D M G F H 
CTTCACCCCCAGAAGAAATCCTGTCTGATGAGGAGACGTCCGACATGGGCTTCCA 
P Y D L E N P V S A G L D V S D K L V 
CGTACGACCTGGAGAATCCGGTGAGTGCAGGACTGGATGTGAGCGACAAGCTGGT 
K R RIS Q L P Q E 
CTCAGCTGCCCCAGGAATGT'CCCGTCTGTCACAAGATTATCCACGG 




E R P Y C • 
GTATTGCTGTGAGCACTGCAGCGCCCGCTTCTTGCACAGCTACGACCT 
・・・・・圃T G D R P F E C S L C H K 
CACATGCACCTGCACACGGGCGACCGGCCCTTCGAGTGCTCCCTGTGCCACAA 
F A K E D H L Q R H M K G Q N C L E V 
TTGCCAAGGAGGACCACCTGCAGCGCCACATGAAGGGGCAGAACTGCCTGGAGGT 
T I R R R R K IE E P T V P H M H P A L D 
CGACGCCGACGCAAGGAGGAGCCCACTGTACCCCACATGCACCCCGCCCTCGA 
S N G K L D D V P L S M工 R F W G工 P
CCAATGGCAAGCTAGACGATGTGCCTCTCTCCATGATTCGCTTCTGGGGGATCCC 
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cpg ICPVCHK工工 HGAGKLPRHMRTH]TGEKPFvtCQVCGVRFTRNDKLK工HMRKH]TGERPYCドEHCSARFLH S YDLKNHMHLHI 
hc-krox -=ーー一回ーーーーーーーーーーーーーー一一ーーー一一 -A-E-一一一一一一ーーーーーーーーーーーーーーーーーー S-P--P-ー ーーーーーーーー一ー一一一-
mc-krox -ーーーーーーーーーーーーーーーーーー一一一ーーーー -A-E--ーーーーーーーーーーーーーーーーーーーーーーー S-P--P-ー ーーー一一一一一一一一一一-
APM-l -ー工ーーーV-M一一ー一一ー一一一一ーーーーーー -YM-T工-E-----Q-ー 一一ー一一一ーーーー一一一 -L-工ー -N-K-V-N----ー 一一R工ー
OCZF -ー工 -E-V-Q------ー ー工ー一ーーーーー -YE-N工ー K一一一一一Q----V-ー ーーーーー -K--L-QQ-G-A-A-N-ー ーーーー -RV-
mLRF -ー工ー E-V-Q-ー ーーーーーー工ーーーーーーー -YE-N工-K-----Q----V--------K--L-QQ-G-A-A-N-------RV-
gLRF --1 -A-V-Qー ーー一一一ーー工一一一一ーーー -YE-N工-N-----Q----V-ー ーーーーー -K--L-QQ-G-A-A-N-ー ー一ーーーRV-
Kruppel -K工ー SRSFGYKHV-QN-E-ー ーーーーーー -E-PE-DK-ー 一一 DHH--T---L----K--H-SH-DRQ-VQVAN-RR-LRV-
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図7、cpgの胞怪期、原腸任期における空間的発現 (RT-PCR)
胞腔期 (st.8)と原腸怪期 (st.l0)に腔を動植軸に沿って3つの領域(動
物極 (A)、帯域 (M)、植物極 (Vg))、背腹軸の沿って2つの領域
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図8、cpgの神経歴期以後の空間的発現 (wholemount in situ hybridization) 
(A:腹部面、 B:頭部面)神経歴期 (st.16)にcpgは前方領域、特にセ
メント腺前駆領域に局在した。 (C: (st.25)側面、 D: (st.30)側面)
尾芽怪期以後もセメント腺付近に局在し続けた。

図9、cpgによる原腸陥入阻害 (1 ) 
2細胞期怪の両割球帯域に cpgmRNA (lng) を顕微注入し、神経庇期









4細胞期妊の背側 (A、B)もしくは腹側 (C、D)の2割球帯域に cpgmRNA
(lng) を顕微注入し、神経脹期 (st.20: A、c)、尾芽怪期 (st.30: B、














葉の移動は確認された。 (D)尾芽佐期 (st.30) には当初の原口付近
に神経管 (Ne)、脊策 (No)等の組織分化が確認できた。
A . B 
C D Ne 
図 12、cpg過剰発現妊のマーカー遺伝子の発現 (RT-PCR)
2細胞期日杢の両割球帯域に cpgmRNA (1ng) を顕微注入し、原腸怪期
(st.11 : A)と神経腔期 (st.23: B)にRT-PCRによって各分化マーカー
遺伝子の発現量を正常脹と比較した。 (A)cpg過剰発現により、初期
中怪葉マーカー遺伝子 匂brα，goosecoid， noggin， Xwnt-8)、内中座葉マ
ーカー遺伝子 (siamois)の発現量は変化しなかった。 (B)cpg過剰発
現により、神経マーカー遺伝子 (N-CAMand Otx-2)、後期中脹葉マー
































































図 15、cpg過剰発現怪の animalcap assays (1) 
2細胞期医の両割球動物極に cpgmRNA (lng) を顕微注入し、胞怪期





た。 (D)activin処理をせずに、 cpgを過剰発現しただけでは Cと同様
に未分化な球状塊となった。

図 16、cpg過剰発現怪の animalcap assays (2) 
2細胞期怪の両割球動物極に cpgmRNA (lng)を顕微注入し、胞怪期



































collagenか'Pe1 alpOO 1 は 1447a.a.(赤字)をコードしていた。 3‘末端には
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GGAGAACATGACGτ可'CAAACτ守CCGACTGCGTCCAGCACGGTA宝'CACTTATAGCAACAGAGATGTATGGAAACCCGAAGAC'I時:;CCAGA宜℃
A ~ o' み電 -
GAAGATGCCGAC宝'GCCCCAACCCTGTGAτ'TGTACCTGGCGAATGC
崎市 “、'" y 司ロ ー司 V 町、 r ~ ..，ア:; F ~， 
TGCCCCGTCTGCAC守GACAACGATGCCCAGTATTCCGAAGTCACTGGAGTAGAGGGCCCCAAGGGAGATGTTGGTCCCAAGGGAGACAAA
H C ，喝 F ご t ‘ p l' 
GGCA'I可‘GCTGGτ'CCACCTGGCAGAGATGGCAτ可'CCCGGACAACCTGGAAτ'TCCτ~ACCTCCTCAGCCACCTGGTCCACCτ~CTTGGC
E・"'lゐ~ ~， 3 S t.J i' ~ ~ 
GGAAACT'I'TGCTCCTCAAATGTCτ'TATGGTTA'τ‘GATGAGAAATCTGCTGGTATTTCCATGCCCGGTCCCATGGGTCCAATGGGTCCCCGT 
P司 p s ~ E 司 F で~ S M 
GGTCCTCCTGGCCCATCTGGATCACC守GGACCCCAAGGT'I寸'CCAAGGACCCCCTGGTGAACCCGGTGAACCGGGTGCτ守CTGGTGCAATG
t J ~ C 可 p 、 1 N ，...瓦J:; A :; l'で "FP ，E. R I' P 
GGACCTCGTGGATCATCAGGACCTCCCGGAAAGAACGGTGAAGATGGTGAAGCTGGCAAACCAGGCCGCCCCGGTGAGCGTGGACCCCCA 、，円、， ~ 1 1'1 l'円 r " ， L [ l<. 
GGACCCCAGGGTGCCCGTGGTC宝'TCCAGGAACTGCTGGTCTTCCAGGCATGAAGGGCCACAGAGGTTTCAATGGTCτ'TGATGGTGC
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E H .; K P P S '" C A M N 伽， A 内 A '¥ C f S 
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声、 S 5 ， H P ‘ E ~ P ，. A r .， L G S・RιI ， 
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TCCAATGAAATCGAGATCAGAGCAGAGGGCAACAGCCG且TTCACATACAGTGTTGTAGAGGACGGτマGCACGCAACACACAGGAGAATGG


























図20、collagentype 1 a1pha 1のアミノ酸のアライメント
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図22、collagenか'PeIα争'ha1の空間的発現(whole mountin situ hybridization) 
(A)尾芽佐期 (st.25)にcollagenか'Pe1 alpha 1は最初に怪の背側後方か
ら発現が検出された。 (B)st.28には前方部へ発現が広がっていった。
(C) st.30には発現域が頭部に至った。 A-Cは側面。 (D-G)Cの妊
の1 (D、F)、2 (E、G) の横断面での切片。 FはDの、 GはEの拡
大図。 (D、F)怪の頭部では腹側の表皮まで発現が広がっていた。 (E、
G)妊の後方部では背側表皮の内層に強く発現し、背側表皮の外層や真
皮節にも発現していた。スケールバーは (A-C) 1 mm、 (D-F) 20μm、
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Form6 N 157 {88.3} 
Form7 N 122 {S8.7} 
Form8 D 10 {2.1} 
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注入した 濃度 陥入阻害効果の 陥入阻害効果の
正常陸mRNAの種類 (/割球) 強かった腔 弱かった匪
lng 90% 9% 1% n=82 
cpg 5n0=09p2 g 87% 12% 1% 
2n5=09p3 g 36% 47% 17% 
β-gal lng 。% 0% 100% 
表2、原腸陥入阻害への cpgの注入領域の特異性
2細胞期怪の両割球の動物極、帯域、植物極に cpgmRNA (lng)を顕微注入し、尾芽怪期に~の形態を観察し、注入領域の違いによる陥入阻害効果を調べた。陥入阻害が弱かった怪(形態は図 9D)と強かった怪(形態は図 9F)に分類した。帯域への顕微注入によって最も強く陥入阻害が起こることが分かった。
表2.原腸陥入阻害へのcpgの注入領域の特異性
注入領域 陥入阻害効果の 陥入阻害効果の 正常匪
強かった腔 弱かった怪
動物極
23% 35% 42% n=124 
2細胞期腔
帯域
n=96 83% 17% 0% 
植物極




A novel POZ/zinc finger protein， chαmpignon， interferes with the convergent extension 
movements during gastrulation in Xenopus 
Authors 
Toshiyasu Gotol*， Kouichi Hasegawa2， Tsutomu Kinoshita2 and Hiroshi Y. Kubota1 
lDepartment of Zoology， Graduate School of Science， Kyoto University， Sakyo・Ku，
Kyoto 606-8502， Japan 
2Developmental Biology， Faculty of Science， Kwansei Gakuin University， 
Nishinomiya 662-8501ヲJapan
• Address to correspondence 
Toshiyasu Goto 
Department of Zoology， Graduate School of Science， Kyoto University， Sakyo-Ku， 





Xenopus POZ/zinc finger gene champignon 
Key words 
Xenopus， gastrulation， convergent extension， champignon， transcription factor， 
POZ domain， zinc finger 
Text 29 pages， 2 tables and 8 figures. 
1 
SUMMARY 
We have cloned a kruppeトliketranscription factor that encodes an N -terminal POZ 
domain and three C-terminal zinc fingers of the C2H2 type by expression cloning. 
Overexpression of mRNA by microinjection in the early cleavage stage embryos of 
Xenopus resulted in interference with gastrulation. As the injected embryo looks like a 
mushroom in appear組 ceat出eneurula stage， we have named this gene chαmpignon (cpg). 
cpg was expressed maternally釦 dcpg-GFP fusion protein was localized into the nuclei 
after the midblastula transition. Zygotic expression of cpg was increased after the onset 
f、 ofgastrulation and became localized in the anterior region， especially in出ecement gland 
aft紅白eneurula stage. In出ecpg-injected embryos， the blastopore appeared normally， 
but regressed thereafter.百leinjected embryos then elongated along the prim訂ydorso-
ventral axis during the tailbud stage. Histological sections and RT-PCR analysis of 
various marker genes showed出atcpg had no effect on the cel growth and differentiation. 
Observations by scanning electron microscopy showed出atthe earl y step of epibol y of 
the animal cap was defective. However， the deep mesoderm migrated towards the 
animal pole region. Neither Keller-sandwich explants nor activin-treated出由nalcap 
explants excised from cpg-injected embryos elongated. These results suggest that cpg 
regulates the expression of出egenes which紅erequired for the convergent extension 




In Xenopus early development， gastrulation involves very complicated changes in cel 
morphology. The morphogenetic movements during gastrulation involve formation of 
the bottle cells， epiboly of the animal cap， migration of the deep mesoderm along the 
blastocoel roof， and convergent extension of出enoninvoluting組 dinvoluting marginal 
cels. (Keller， 1980; Keller et al.， 1985; Keller and Danilchik， 1988; Hardin and Keller， 
1988; Keller and Tibbetts， 1989; Wilson and Keller， 1991; Keller and Jansa， 1992; Keller 
et al， 1992; Shih and Keller， 1992a， b). Although the bottle cells may play a role in 
orienting the direction of involution， they訂enot essential for gastrulation to continue， 
because the removal of the bottle cels after出eirformation did not interfere with出c
involution of the m紅ginalzone and closure of the blastopore (Keller， 1981). Similarly， 
neither epiboly of出ear由nalcap nor migration of mesoderm along the inner surface of the 
blastopore訂eessential for involution of the marginal zones and closure of the blastopore， 
because the removal of the blastocoel roof， including出C担由nalcap and the noninvoluting 
m訂ginalzone， did not inhibit the involution of the marginal zone and closure of出c
blastopore (Keller and Jansa， 1992). When the dorsal sectors of批 ωlygastrula 
embryos were excised and cultured in sandwich， they showed convergent and extension 
movement autonomously and mimicked the normal process of gastrulation (Keller， 1991). 
Thus convergent extension movement of the marginal cels is thought to play a major role 
in gastrulation. 
Although the mechanism of gastrulation has been investigated extensively at a cellular 
level， asdescribed above， information on the molecular mechanism of gastrulation is 
limited. When deep mesodermal cells migrate along the inner surface of the blastocoel 
roof， they attach to出eex回 cellul訂 ma仕ixon the inner surface of the blastocoel roof. 
百leadhesive glycoprotein fibronectin is one of the major components of the network of 
the extracellular ma仕ix(Lee etal.， 1984). Inhibition of cellular attachment to fibronectin 
by a synthetic peptide for the cell-binding 企agmentof fibronectin leads to出C訂restof 
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gastrulation (Boucaut at al.， 1984; Winklbauer， 1990; Ramos and DeSimone， 1996; 
Ramos et al.， 1996; Winklbauer and Keller， 1996). Some molecules related to出c
convergent extension movements have also been isolated. C-cadherin mediated cell-cell 
adhesion is associated with convergent extension movement during gastrulation. (Lee and 
Gumbiner， 1995; Zhong et al.， 1999). Overexpression of Xcadherin-llleads to 
posteriorised phenotypes due to the inhibition of convergent extension movement 
(Hadeball et al.， 1998). Paraxial protocadherin plays an important role 白血econvergent 
extension (Kim et al.， 1998). 百leelimination of some sulfates also inhibits the 
convergent extension movements (Wallingford et al.， 1997). In出epresent study we 
have cloned a novel kruppeトliketranscription factor出atencodes an N -terminal POZ 
domain and three C-terminal zinc fingers of the C2H2 type by the expression cloning. 
We suggest出atthis transcription factor plays an essential role in出econvergent extension 
movement by con仕olling出etarget genes required for cellular rearrangement. 
4 
MATERIALS AND METHODS 
Eggs and embryos 
Eggs were obtained by injecting Xenopus laevis females with 400 units of human 
chorionic gonadotropin and were fertilized in vitro. Embryos were dejellied with 
sodium thioglycollate組 dcultured in modified Steinberg's Solution (MSS). 
Developmental stages were determined according to Nieuwkoop and Faber (1967). 
Construction of cDNA Iibraries and expression screening 
Total RNA was isolated by the ultracentrifuge method using CsTFA (Pharmacia) 
(Okayama et al.， 1987) or the acid guanidinium thiocyanate-phenol-chloroform method 
( Chomczynski制 Sacchi，1987) from embryos at various stages and mRNA was 
purified using polyAtract mRNA Isolation System (Promega). Double-stranded cDNAs 
were obtained from the purified mRNA using a ZAP-expression cDNA synthesis kit 
(Stratagene) and cloned into pCS2+ vector digested with EcoRI and Xho I. ηle 
plasmids were transformed into E. coli XL-1Blue-MRF' and plated onto LB-ampicillin 
plates so出ateach plate contained approximately 100 individual colonies. 百lecolonies 
of each plate were scraped and grown in liquid cultures for plasmid isolation using the 
alkaline lysis method. Pools of出eplasmids were linearized with NotI and used as 
DNA templates for capped mRNA synthesis using SP6 RNA polymerase. A total of 1 
ng of the synthetic mRNA was microinjected into two blastomeres of a 2-cell embryo or 
同'0dorsal or ventral blastomeres of a 4・celembryo and screened by mo中hogenesisafter 
gastrulation. Two subsequent rounds of sib selection were performed to isolate a cDNA 
which caused gross changes in morphogenesis. 
RT-PCR analysis 
Oligo(dT)・primedf凶tstrand cDNA was prepared企om1μg of total RNA using 
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Superscript I (Gibco). One-twentieth of the cDNA obtained was used for each PCR. 
As an intemalloading control， the primers for the ubiquitously expressed Histone4 were 
included in al PCRs. Aliquots containing one-tenth of the PCR products were loaded 
on 2% agarose gels， electrophoresed， and transferred to nylon membrane. 百le
membranes were hybridized to the random-primed isotope-labeled企agmentof each gene 
and autoradiographed. 百lesequences of gene primers used were as follows: cpg 
forward デー AAGCCTGGGCTACGAGACAT-3'，reverse 5'-
TCATGGAGAGAGGCACATCG-3';Histone4 forward 5'-
CGGGATAACATTCAGGGTATCACf-3'， reverse 5に
ATCCATGGCGGTAACfGTCTTCCT-3';Xbra (Genbank accession number: M77243) 
forw訂d(nt 432-451)， reverse (nt 733・714);goosecoid (M81481) forward (nt 430-447)， 
reverse (nt 917網900);noggin (M98807) forward (nt 995-1012)， reverse (nt 1275-1258); 
Xwnt-8 (X57234) forward (nt 1126・1143)，reverse (nt 1457-1440); siamois (Z48606) 
forward (nt 539・560)，reverse (nt 848-827); N-CAM (M25696) forward (nt 2817・2834)，
reverse (nt 3159引 42);Otx-2 (U19813) forward (nt 770-791)， reverse (nt 1108-1087); 
助 oD(X16106) forward (nt 221-240)， reverse (nt 512-493); GATA-2 (M76564) 
forward (nt 982-1001)， reverse (nt 1400-1381); C-cadherin (U04707) forward (nt 1372・
1391)， reverse (nt 1814-1795); PAPC (AF042192) forward (nt 2490・2509)，reverse (nt 
2955・2936);fibronectin (M77820) forward (nt 7144-7163)， reverse (nt 7543-7524); 
Xenopus COLIAl (AB034701) forward (nt 3396・3415)，reverse (nt 3845・3826).
Whole mount in situ hybridization 
In situ hybrid包ationwas performed using digoxigenin-labeled RNA probe and alkaline 
phosphatase substrate (NBη(Boehringer Mannheim) according to Harland (1991). 
百lepCS2+ vector including the cDNA of cpg was linearized with EcoRI and transcribed 
with 1ワRNApolymerase to produce出eantisense probe. 
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Histology and scanning electron microscopy 
For histology， embryos were fixed ovemight in a solution of 2% glutaraldehyde in 0.1 M 
phosphate buffer (PH 7.5)， dehydrated through a graded series of ethanol， cleared by 
xylene， and embedded in paraffin (Paraplast Plus， Sigma). Ten~μm thick sections were 
deparaffinized in xylene， rehydrated in a graded series of ethanol， and stained with 0.1 % 
azocarmine B for 20 sec and a mixture of 0.2% aniline blue and 0.4% orange G for 7 
mln. 
For the SEM study， the embryos were fixed ovemight in a solution of 2% 
glutaraldehyde in 0.1 M phosphate buffer (pH 7.5). The fixed embryos were cut in half 
at the midsagittal plane using a razor blade， and then postfixed with 1 % OS04 in 0.1 M 
phosphate buffer. 百lesamples were dehydrated through a graded series of acetone， and 
critical point dried by using liquid CO2・
Animal cap assay and Keller sandwich experiment 
A total of 1 ng of cpg mRNA was microinjected into the equatorial region of two 
blastomeres of出e2・celembryo for Keller sandwich experiments or into the animal pole 
region of two blastomeres of the 2-cell embryo for animal cap assays. Keller sandwich 
experiments were performed according to previously described methods (Keller， 1991). 
Animal caps were excised仕omstage 8 embryos and incubated either in the absence or 
presence of 10 nglml of human recombinant activin A in LC民1Rfor 6 hours (Stewart and 
Gerhart， 1990). 百leexplants were then cultured in MSS until the control embryos 
reached stage 20. 
Construction of cpg mutants 
cpg-GFP was constructed as follows: the coding site of cpg was PCR-amplified with the 
primers G FP -U Pデ-CTTGAATTCCCAGGTGAAGATGGCAAGCTC・3'and GFP-
DOWN5にCATTCTAGATGAAGCGTCCAAAACCCCCTC・3'. 百lePCR product 
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Isolation and characterization of cpg 
champignon (cpg) was isolated by the expression screening of the cDNA library of stage 
7 embryos as a gene出atcaused gross change in morphogenetic movement when 
microinjected into both cells of 2-cell stage Xenopus embryos. cpg encoded a putative 
protein of 470 amino acids with a predicted molecular mass of 52.6 kDa. 百lelength of 
出ecpg transcript was about 2.4 kb pairs as shown by northem hybridization (data not 
shown). cpg contains an N-terminal POZ domain and t凶 eC-terminal kruppel-like zinc 
finger domains of the C2H2 type (GenBank accession number AB029074) suggesting出at
cpg is a transcription factor. According to a search using PSORT， cpg has three putative 
nuclear localization signals (Fig. 1A). 百lehomology search with the protein database 
by BLAST Search revealed that cpg is partially homologous to the transcription factors 
human c-krox (hc・krox;Widom et al.， 1997) and mouse c・krox(mc-krox; Galera et al.， 
1994). The hc-krox contains a complete POZ domain and t肱eezinc finger domains， 
while the mc-krox lacks most of出ePOZ domain. High identity of the amino acid 
sequences was found especiall y in出ePOZ domain and three zinc finger domains: the 
POZ domain of cpg was 63.5 % identical to出atof， and the zinc finger domains of cpg 
were 93.5% identical to those of human and mouse c-krox (Fig. 1A). 百leregion 
between出ePOZ domain and zinc finger domains of cpg was shorter than those of human 
組 dmouse c-krox， and had low amino acid sequence identity with them. 百leother 
kruppel-like transcription factors， such as human A恥1P-1and mouse LRF， had some 
identities with cpg in出ezinc finger domains (Fig. 1B)， but出eidentities in N -terminal 
region， including the POZ domain， were low. 
百le仕組scriptsof cpg were present matemally， deαeased gradually until the mid-
blastula stage. Zygotic transcripts of cpg were increased gradually after the early 
gastrula stage (Fig. 2A). Since we could not detect regional differences in cpg 
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expression by whole mount in situ hybridization (data not shown) because of very low 
expression until the late gastrula stage， we examined the regional differences by 
qu釦 titativeRT-PCR in dissected embryos at the blastula (st. 8) and gastrula stages (st. 
10). 百lequantity of cpg transcripts did not differ訂nongthe various region in blastula 
and gastrula embryos (Fig. 2B). Whole mount in situ hybridization of neurula embryos 
showed出atcpg was expressed in the anterior region， especially in the cement gland 
precursor region (Figs. 2C，D). 百lestrong expression continued to be localized at出c
cement gland a食紅白etailbud stages (Figs. 2E，F). 
Overexpression of cpg leads to defective gastrulation 
One ng of synthetic cpg mRNA was injected into the lateral equatorial regions of出etwo 
blastomeres of出e2-cell embryo， and the vegetal regions of the injected embryos were 
observed by time-lapse videomicrography. The blastopore of the i吋ectedembryos 
appeared precisely on the dorsal side at the initial gastrula stage (st. 10)， spread laterally， 
and formed a 1訂geyolk plug (data not shown). In most cases， however，出eblastopore 
did not close therea白er(Fig. 4B)釦 dconversely， the lateral regions of the blastopore 
disappeared (Fig. 3E). The injected embryos became mushroom-like-shaped in the most 
severel y defective case抗出eneurula stage (Figs. 3E，4C). After出eneurula stage the 
injected embryos elongated along the initial dorso-ventral axis gradually until the tailbud 
stages. The injected embryos looked like double layers of ectodermal and exposed 
endodermal cells extemally at the tailbud stage (Fig. 3F). Most of the embryos injected 
with cpg mRNA atlow doses invaginated slightly (Fig. 3C) and formed partial axial 
structures， including the head region (Fig. 3D，Table 1)， but the blastopores remained 
open (Fig. 3D). These effects of cpg on gastrulation were thus dose dependent. 
Animal or vegetal injections of cpg mRNA at出c乙ce1stage gave less defective 
phenotypes than equatorial injection (Table 2). Embryos injected with cpg mRNA into 
the two dorsal blastomeres at出e4-∞1 stage gave rise to severely defective embryos 
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(Figs. 3G，H). However， embryos injected into the two ventral blastomeres of出e4-cell 
stage embryos developed relatively normally. In these ventrally 同ectedembryos， 
gastrulation of the dorsal half was not affected at al and the anterior half of the resulting 
embryo was quite normal at the tailbud stage (Figs. 31，J). These results indicate出at出c
effects of cpg on the gastrulation movement were restricted to出C訂eanear the injected 
site and the overexpression at the dorsal marginal zone was most effective. 
Morphogenesis of the cpg-injected embryos 
Overexpression of cpg mRNA had no app訂ente百'ecton the cel division and cel 
proliferation at any of the developmental stages examined (Fig. 3，4). The injected 
embryos developed normally until the formation of出e1訂geyolk plug (stage 10.5)， but 
the archenteron did not invaginate afterwards (Fig. 4B). 百ledeep mesoderm seemed to 
migrate as a mass toward批 animalpole aft紅白gastrulastage (Figs. 4B，C). The 
blastocoelic cavity was reduced graduall y during the neurula stage， and the blastocoelic 
fluid was absorbed into出eintercellular spaces in the endodermal mass (Figs. 4C，5C). 
The ぐpginjected embryos differentiated neural tubes， notochords and somites at the site 
where批 blastoporefirst appωd (Fig. 4D). To conf凶 tissuedifferentiation in cpg-
injected embryos， we assayed the expression of various molecular marker genes by RT-
PCR. The expression of ωly mesodermal (Xbrα， goosecoid， noggin， and Xwnt-8) and 
mesendodermal (siamois) marker genes was not changed at the gastrula stage by出c
overexpression of cpg (Fig. 4E). At the late neurula stage， expression of late neural (N-
CAM and Otx-2) and late mesodermal (助loDand GATA-2) marker genes was also 
unchanged (Fig. 4F). These results show that the defect of gastrulation movements is 
not due to the lack of mesodermal differentiation. 
In order to investigate the mo中hogenesisof cpg-injected embryos in detail we have 
observed the fine stn肌 reof the cpg-injected embryos by scanning electron microscopy. 
The lateral surface region of出eectodermallayer of the cpg-injected embryo was thin， but 
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出eectodermallayer near the組出alpole remained thick during出egastrula stage (Figs. 
5A，B). 百leepiboly of出eaJ由nalpole seemed to be interfered with during the gastrula 
stage， but the ectodermallayer of出c泊 malpole becaJTIe thin a食紅白eneurula stage (Fig. 
4C)， even if the e百'ectof cpg was maintained by the injection of the expression vector 
(pCS2+) including cDNA of cpg (data not shown). Migration of the mesoderm toward 
出ear由nalpole was observed in cpg-injected embryos. However， the boundary 
between血eectodermallayer and migrating mesodermal cels was not clear until the late 
gas回 lastage (Fig. 5B). The endodermal cels were sca仕eredand the blastocoelic fluid 
filed the opening in出eendodermal mass (Fig. 5C). We sometImes observed by time 
lapse videomicrography出at出eblastocoelic fluid flowed from the te訂 at出evegetal 
surface. Normal-shaped bo仕lecels were observed司自eblastopore of the cpg-injected 
embryos (Fig. 5D). Therefore， formation of the bo仕lecels and migration of the deep 
mesodermal mass were not inhibited， but epibolic expansion of the animal hemisphere 
was temporaril y inhibited by the overexpression of cpg. In order to investigate the 
mo中hogeneticmovements further， we next eXaJTIined the convergent extension 
movement in cpg-injected embryos. 
cpg interferes with convergent extension movements 
As Keller sandwich explants are known to show convergent and extension movement 
autonomously (Keller et al.， 1985; Keller and Danilchik， 1988)， we observed the 
movements of Keller sandwich explants taken from cpg-injected embryos. 百leKeller 
sandwich explants台omnormal embryos elongated and mimicked convergent extension 
movements (Fig. 6A). However， elongation of the sandwich explants from cpg-injected 
embryos was interfered with considerably (Fig. 6B). To further test the effects of cpg 
expression on出econvergent extension， we also assayed the animal cap explants. When 
the animalωp explants企omnormal embryos were仕eatedwith high doses of activin， 
出eyelongated and differentiated various tissues in a dose-dependent manner (Fig. 6C) 
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(Symes and Smith， 1987; Symes et al.， 1994). Overexpression of cpg inhibited the 
elongation of the activin-treated animal ωp almost completely (Fig. 6D). This was not 
due to the failure of mesoderm differentiation， because出eactivin-treated担由nalωp
explants from cpg-injected embryos expressed mesodermal marker genes (Xbra， noggin 
and均loD)at the same level as those from normal embryos (Fig. 6G: lanes 2，4). 
Without activin仕eatment，出eanimal cap explants from cpg-injected embryos neither 
elongated nor differentiated any mesodermal tissues， and formed spherical masses similar 
to those仕omcontrol embryos (Figs. 6E，F). These results indicate出atoverexpression 
of cpg inhibits convergent extension movement. Molecular analysis of出ear由nalcap 
explants showed出at出eexpression of出emesodermal marker genes was not induced by 
出eoverexpression of cpg alone (Fig. 6G: lane 5). We also ωsayed the expression of 
molecular marker genes which訂eknown to be related to convergent extension movement 
in cpg-injected embryos by RT-PCR during gastrulation: expression of C-cadherin (Lee 
and Gumbiner， 1995; Zhong et al.， 1999) and PAPC (Kim et al.， 1998) was not affected 
by出eoverexpression of cpg (Fig. 6H). 
cpg acts Iike a transcriptional repressor 
As shown above， cpg encodes an N-terminal POZ domain and three C-terminal kruppel-
凶∞zincfinger domains of出eC2H2 type and three putative nuclear localization signals. 
To determine whether cpg functions as a transcription factor， we f註stmade a cpg-GFP 
construct and examined its localization in early embryos. A tωot凶aloぱf1 ng 0ぱfcpg-GFP 
mR悶NAw附aおsin河~ec州t匂凶c吋d 凶帥0出批e1協a剖仰t匂er凶ale伺叩q中u伽 ialr児e句矧柳gi仰ぬonsof 出批et附羽W附rゆob伽la凶ω制S抗t附omeωr民resωsoぱfaρ2乙μ-c
embryo and the同ecte吋dembryos we民 observed1切a瓜te釘rby fluorescence microscopy. The 
fluorescence was detected ubiquitously in出ecytoplasm before the mid-blastula stage 
(Figs. 7 A，B). However， the fluorescence began to localize into the nuclei a食erthe late 
blastula stage (Figs. 7C，D).η討sresult suggests出atcpg acts as a zygotic transcription 
factor after the mid-blastula transition. 
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百lePOZ domain is an evolutionarily conserved protein-protein interaction domain 
(Bardwell and Treisman， 1994) required for both transcriptional activation and repression 
(Kaplan釦 dCalame， 1997). As shown above， cpg is highly homologous to hc-krox， 
especiall y in出ePOZ and zinc finger domains. Since hc-krox is a transcriptional 
repressor of theβbronectin叩 dかpe1 collagen aljフlha1 (COLIAl) genes (Widom et al.， 
1997)， we expected that cpg would also control these target genes. Therefore， we 
assayed the expression ofjibronectin and Xenopus COLIAl in cpg-injected embryos by 
RT -PCR. Neither injection of cpg-mRNA nor of pCS2+ vector including cDNA of cpg 
affected the expression ofβbronectinぽthegastrula stage (Fig. 8A) or出etailbud stage 
(data not shown) respectively. As the expression ofXenopus COLIAl is very low until 
the late neurula stage (Goto et al.， unpublished)， we assayed the level of Xenopus 
COLIAl expression at the tailbud stage by injection of pCS2+ vector including the cDNA 
of cpg. Overexpression of cpg remarkably repressed the expression of Xenopus 
COLIAl (Fig. 8B). 
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DISCUSSION 
Role of cpg in the morphogenetic movements 
Gastrulation movements involve the following four cellular processes: epiboly of出c
animal cap， formation of the bottle cells， migration of出edeep mesoderm， and convergent 
extension of the marginal cels. (Keller， 1980; Keller et al.， 1985; Keller and Danilchik， 
1988; Hardin and Keller， 1988; Keller and Tibbetts， 1989; Wilson and Keller， 1991; 
Keller et al， 1992; Keller and Jansa， 1992; Shih and Keller， 1992a， b). Among these 
movements convergent extension plays the most essential role in gastrulation， because 
closure of the blastopore takes place even if the migration of the mesoderm does not occur， 
bottle cells after their formation紅eremoved， orthe animal cap is removed (Keller， 1981; 
Keller and Jansa， 1992). In cpg-injected embryos， migration of the mesoderm and 
bottle cel formation occurred， epiboly of the animal cap was temporarily inhibited， and 
convergent extension movements were inhibited. Further， convergent extension of the 
Keller sandwich and the animal cap explants仕eatedwith high doses of activin was 
inhibited in the cpg-i町ectedembryos. 百leseresults suggest出atthe defect of 
gastrulation by cpg is mainly due to interference with the convergent extension 
movements. Expression of mesodermal marker genes was normal in cpg injected 
embryos and animal cap explants仕eatedwith activin. These results indicate that cpg 
does not affect the differentiation of mesoderm， but specifically affects the cellular 
movement of convergent extension. The convergent extension movements are出c
outcome of出ecel intercalation which is the re訂rangementof出ecells within a celllayer 
and between出ecelllayers (Keller， 1980; Keller et al.， 1985; Keller and Danilchik， 1988; 
Hardin and Keller， 1988; Keller and Tibbetts， 1989; Wilson and Keller， 1991; Keller and 
Jansa， 1992; Keller et al， 1992; Shih and Keller， 1992a， b). 百le民aπangementof出c
cels seems to require both changes of the cel shape， including the morphogenesis of白c
cytoskeleton， and the intermittent adhesion between the adjacent cells with or without批
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extracellular matrix. If the defect of gastrulation is due to the change of出c
morphogenesis of出ecytoskeleton， the cel division and proliferation during the early 
cleavage stage must be affected. However， the cel division and proliferation were not 
affected in cpg-injected embryos. This suggests出atcpg affects the cell-cell adhesion or 
cell-substratum adhesion. Zhong et al. (1999) demonstrated出atboth decrease and 
increase of C-cadherin mediated cell-cell adhesion interfere with the convergent extension 
movements. Although出eexpression of C-cadherin and PAPC was not affected by cpg， 
cpg seems to be a transcription factor which controls the expression of other genes 
required for the intermittent adhesion during gastrulation. 
Expression of cpg 
百letranscripts of cpg were present matemally， but the function of cpg before gastrulation 
is unknown since出eembryos injected at出e2・∞1stage developed normally until 
gastrulation. 百lenuclear localization of cpg-GFP protein was detected after the mid-
blastula transition. Injection of the expression vector (pCS2+) including cDNA of cpg 
also caused the defect of gastrulation， and the phenotype of DNA-injected embryos was 
similar to出atofmRNA暢injectedembryos (data not shown). Therefore cpg may 
function zygotically to inhibit出econvergent extension movements. After the neurula 
stage the transcripts of cpg were increased and localized to the anterior region， especially 
in the cement gland. This suggests出atcpg is related to the differentiation at the later 
developmental stages. We need to examine the釦nctionof cpg after gastrulation in 
detail. 
Although convergent extension movements began at the dorsal marginal zone at出c
gas仕ulastages， the transcripts of cpg were present ubiquitously at the gas仕ulastages. 
百lefluorescence signals of cpg-GFP began to localize into the nuclei after the mid-
blastula仕ansition. These results suggest that cpg requires co-factors which are 
expressed on the dorsal marginal zone after the mid-blastula transition. This is
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supported by the reports出atPOZ family genes have some co-factors and regulate the 
transcription of target genes with their co-factors (Kaplan and Calame， 1997; Dhordain et 
al.， 1998; Ahmad et al.， 1998). 
cpg is a novel transcriptional repressor 
Comparison of the predicted amino acid sequence of cpg with the protein database 
revealed出atcpg is most homologous to the transcription factors human c-krox (Widom 
et al.， 1997)組 dmouse c-krox (Galera et al.， 1994)， which contain POZ and zinc finger 
domains. 百leamino acid sequences of the POZ and zinc finger domains were highly 
conserved between cpg and these proteins. However， the region between the POZ 
domain and zinc finger domains of cpg was shorter than those of hc-krox組 dmc-krox 
and showed no obvious homology with them. Accordingly， we conclude出atcpg is not 
a Xenopus homolo伊eof hc-krox組 dmc-krox， but a new member of出ec-krox famil y 
of genes. Nevertheless， remarkably high identities in the three zinc finger domains at出C
C-terminus with human and mouse c-krox suggest that出etarget genes of cpg may be 
similar to those of hc-krox and mc-krox. It has been reported出at出etarget genes of hc-
krox and mc-krox were fibrous proteins which constitute the extracel1ular matrix. 
Although hc-krox represses the transcription of human COLIAl and fibronectin (Widom 
et al.， 1997)， mc-krox activates the transcription of mouse COLIAl and COLIA2 (Galera 
et al.， 1994; Galera et al.， 1996). 百lemain difference in amino acid sequence between 
hc-krox and mc-krox is出elength of出ePOZ domain at the N-terminus. 百lePOZ 
domain， also known as BTB， is組 evolutionarilyconserved protein-protein interaction 
domain and is found at出eN terminus of 5-10% of出eC2 H2 type zinc finger transcription 
factors (Bardwell and Treisman， 1994). 百世sdomain is strongl y implicated in the 
民別lationof gene expression t蛤ough出elocal control of chromatin conformation 
(Albagli et al.， 1995). Most of the transcription factors containing the POZ domain征 C
reported to be repressors (Dhordain et al.， 1998; Ahmad et al.， 1998)， but some of血e
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POZ/zinc finger transcription factors are activators. 百lePOZ domain of ZF5 is required 
for both仕組scriptionalactivation and repression (Kaplan and Calarr夙 1997). Our data 
indicate that cpg contains a full-length N-terminus POZ domain which is highly 
homologous to出atof hc・krox. Actually， cpg repressed the expression of Xenopus 
COLIAl at出etailbud stage. These data suggest出atcpg is a novel transcriptional 
repressor whose functional domain is most similar to that of hc-krox. 
The target genes of cpg 
As mentioned above， cpg is most similar to hc-krox， which is known to be a 
仕組scriptionalrepressor of fibronectin andかpe1 collagen. However， we can not 
explain the phenotype of cpg-injected embryos by the repression of these genes. 
Although fibronectin is known to play a role in the migration of the mesoderm (Nakats吋1，
1986; Winklbauer， 1990; Ramos and DeSimone， 1996; Ramos et al.， 1996; Winklbauer 
and Keller， 1996)，出emesoderm migration was not inhibited in cpg-injected embryos. 
Although the defect of gastrulation caused by cpg is mainly due to interference with the 
convergent extension movements， the convergent extension movements were not affected 
by fibronectin (Keller and Jansa， 1992; Smith et al.， 1990). Further， Xenopus embryos 
contain high levels of matemalβbronectin transcripts， and zygotic transcription begins 
onlyafter出elate gastrula stage (st. 12)， while a 1訂geamount of zygotic fibronectin 
transcription occurs much later (Lee etal.， 1984; DeSimone et al.， 1992). Actually， our 
data indicated出atthe level ofβbronectin transcripts was unchanged in cpg占ljected
embryos at the gas加 laand恥 tailbudstages (data not shown). Therefore，出edefect of 
gastrulation caused by cpg may not be related to fibronectin function. 
Similarly， although our data indicated that Xenopus COLIAl seems to be a target gene 
of cpg，組 dthe expression pa仕emsof both genes訂'ecomplementary (Goto et al.， 
unpublished) at出etailbud stage， the defect of gastrulation caused by cpg may not be 
related to Xenopus COLIAl during gastrulation because the quantity of Xenopus 
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COLIAl transcripts was very small during gastru1ation (Goto et al.， unpub1ished) and co-
injection of cpg mRNA with Xenopus COLIAl mRNA did not rescue the defect of 
convergent extension movements caused by cpg (data not shown). Furthermore， 
a1though C-cadherin (Lee and Gumbiner， 1995; Zhong et al.， 1999)如 dP APC (Kim et 
al.， 1998) are known to affect出eco町 ergentextension movements during gastru1ation， 
cpg did not change the 1eve1 of expression of either of these genes. Since it has been 
reported出athuman c-krox binds to出e5'-fla凶dngregion of the human biglycan gene in 
addition to the戸bronectinand COLIAl genes (Heegaard et al.， 1997)， it is possib1e出at
cpg affects other unknown genes which con仕01the convergent extension movements 
during gastru1ation. Recent1y a new zinc finger gene with the POZ domain OCZF was 
iso1ated， and this gene was shown to bind to出ehc-krox-binding consensus sequence 
(Kukita et al.， 1999). Further， it was reported出atPOZ/zinc finger proteins may 
function as homo-釦 dheterodimeric comp1exes (Li et al.， 1997; Ahmad et al.， 1998; 
Davies et al.， 1999). These findings suggest伽 tthere may be other zinc finger proteins 
which contro1 the common target gene of cpg. Iso1ation of出c匂rgetgenes， co-factors 
of cpg ， and the other cpg-1ike POZ/zinc finger genes will be necessary to clarify the 
mechanism of gastru1ation movements. 
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Fig. 1. (A) Alignment of出ecpg， human c・krox，加dmouse c-krox amino acid 
sequences. 百leamino acid residues出at訂eidentical between the proteins訂eshaded 
gray. The putative nuclear localization signals identified using PSORT are boxed. The 
POZ domain at the N-terminus is indicated by an interrupted underline. 百lezinc finger 
domainsほtheC-terminus are underlined. (B) Homology of zinc finger domains of cpg 
to those of other kruppel・likezinc finger proteins. 百lezinc finger domains訂eboxed. 
~， Asterisks indicate the cysteines and histidines of zinc fingers. 
Fig. 2. Temporal and spatial expression of cpg during Xenopus development. (A) 
Quantitative RT -PCR was performed using 1μg of total RNA extracted from Xenopus 
embryos at different stages. 00 indicates the oocyte stage and numbers indicate the 
developmental stages. Matemal transcripts decreased gradually until the midblastula 
stage (st. 8)，如dzygotic expression increased a宜erthe initial gastrula stage (st. 10). (B) 
Quantitative RT-PCR to determine spatial expression was performed using total RNA 
ex仕actedfrom different dissections of embryos at出emidblastula stage (st. 8) and出c
凶tialgastrula stage (st. 10). cpg was expressed ubiquitously during these stages. (C-
F) 1ρcalization of cpg transcripts in Xenopus embryos a食紅白eneurula stage by whole 
mount in situ hybridization. At出eneurula stage (st. 16) cpg was expressed in出c
cement gland precursor region in C (ventral view) and D (anterior view). After the 
tailbud stage cpg was expressed in the anterior region especially in the cement gland 
(arrowheads) in E and F. 
Fig. 3. Overexpression of cpg interfered with gastrulation. (A， C， E， G， 1)Neurula 
stage embryos (st. 20). (B， D， F， H， J)Tailbud stage embryos (st. 30). (A， C， E) 
Upper: lateral view， anterior to出eleft. 1ρwer: blastopore view. (G， 1)Left: lateral 
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view， anterior to the left. Right: blastopore view. cpg mRNA (1 ng) was injected into 
the lateral equatorial regions of the 2・celembryo (C-F). ぐpgmRNA (1 ng) was injected 
into two dorsal (G， H) or two ventral (1， J)equatorial regions of the 4・celembryo. (A， 
B) Control embryos. (C， D) Embryos showing slightly defective phenotypes. Some 
of the injected embryos had a slightly opened blastopore in C and formed partial 奴 ial
strucωres including the head region in D. (E， F)Embryos showing severely defective 
phenotypes. 百leblastopore of most of出einjected embryos did not close but regressed 
during the neurula stage in E. 百leinjected embryos elongated along the initial dorso-
ven仕al奴 isgradually during tailbud and looked like f1at layers of double sheets of出c
ectodermal and endodermal tissues in F. (G， H)百lemorphology of the embryos that 
were injected into two dorsal regions at出e4-cell stage was similar to出atsee in E and F. 
(I， J) Qnly ventral gastrulation was凶 ibitedby出eoverexpression of cpg in the ventral 
reglon. 
Fig. 4. Midsagittal sections (A-D) and RT-PCR (E， F)of the cpg-injected embryos. 
cpg mRNA (1 ng) was injected into two lateral equatorial regions of出e2-cell embryo. 
(A) The control embryo (st. 11.5). (B) The cpg-injected embryoほst.11.5. Initial 
invagination occurred (arrowhead)， but gastrulation did not proceed afterwards. 
Al出oughcpg overexpression interfered with invagination， the inner deep mesoderm 
migrated as a mass. 百leborder between出eectodermal layer and migrating inner cells 
was not clear. (C) The cpg-injected embryo瓜st.20 looks like a mushroom. The 
blastocoelic cavity has disappeared and the t加eegerm layers紅eclearly defined. (D) 
百lecpg-injected embryo at st. 30. Neuralωbe (N e) and notochord (N 0 )訂eshown 
app訂ently司自esite where the blastopore first appeared. (E， F)RT-PCR showed no 
significant effect of出eoverexpression of cpg on the expression of the early mesodermal 
(Xbra， goosecoid， noggin and Xwnt-8) and mesendodermal (siamois) marker genes at the 
gastrula stage (st. 11) in E， and the late neural (N-CAM and Otx-2) and mesodermal 
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(助oDand GATA-2) marker genesほ出elate neurula stage (st. 23) in F. 
Fig. 5. SEM images of cpg-injected embryos. cpg mRNA (1 ng) was injected into 
two lateral equatorial regions of the 乙celembryo， which was then fixed at the mid 
gastrula stage (st. 11.5). (A) Epiboly of the剖血alcap was interfered with and the 
ectodermallayer of出eanimal pole was thick. (B)百leectodermal 1勾erof the lateral 
region was thin and出einner mesoderm migrated toward the animal pole. (C) 
Endodermal cels were sca仕eredand did not closely adhere to each other. (D) Normal-
i¥ shaped bottle cels were formed. 
F i g. 6. cpg inhibited extension of Keller sandwich explants and the animal cap 
explants仕eatedwith activin. (A) Keller sandwich explants仕omcontrol embryos. 
(B) Keller sandwich explants企omcpg占ljectedembryos. cpg mRNA (1 ng) was 
injected into two lateral equatorial regions of出e2-cell embryo. Dorsal sectors of出c
cpg-injected embryos were excised at stage 10 and sandwiched. Overexpression of cpg 
caused a defect of the elongation. (C)血血lalcap explants from control embryos. 百le
出世nalcaps were excised from stage 8 embryos and incubated for 6 hours with 
recombinant activin protein (10 nglml) and cultured in MSS until control embryos reached 
st. 20. A high dose of activin induced elongation of白eanimal cap. (D) Animal cap 
explants企omcpg-injected embryos. cpg mRNA (1 ng) was injected into the animal 
pole regions of both blastomeres at the 2・celstage， then explanted at st. 8，組d佐eated
with a high dose of activin (10 nglml) for 6 hours. cpg completely interfered with the 
elongation of也eexplants仕eatedwith a high dose of activin. (E) cpg alone did not 
泊du∞釦ymorphological changes and resulted in formation of spherical masses similar 
to those in F. (F) Control animal cap explants without any treatment. (G) RT-PCR of 
RNA extracted企omthe an凶alcaps (st. 11) showed no significant effect of恥
overexpression of cpg on the expression of出emesodermal marker genes induced by 
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activin (noggin，的loDandXbrα). (H) cpg mRNA (1 ng) was injected into the lateral 
equatorial region of出e2-∞1 embryo. RT-PCR showed no significant e百'ectof出c
overexpression of cpg on the expression of genes (C-cadherin and PAPC) which訂c
known to be related to出egastrulation movements. 
F i g. 7. cpg was localized into the nuclei a丘町themid-blastula stage. (A-D) mRNA 
(1 ng) of cpg-GFP was injected into two lateral equatorial regions of the 2・ce1embryo. 
(A) A cpg-GFP-injected embryoほs1.8. (B) The same embryo as A. Fluorescence 
f・"'¥ of cpg-GFP was detected ubiquitously in the cytoplasm. (C) A cpg-injected embryo at 
s1. 9. (D) The same embryo as C. cpg-GFP began to localize into出enuclei. 
Fig. 8. Expression of Xenopus fibronectin and Xenopus COLIAl in cpg占ljected
embryos. cpg mRNA (for fibronectin) or出eexpression vector (pCS2+) including the 
cDNA of cpg (for Xenopus COLIAl) was injected into two lateral equatorial region of 
出e2-ce11 embryo. (A) Overexpression of cpg mRNA did not a百'ectthe expression of 
βbronectin at出egastrula stage (st. 11). (B) The expression of Xenopus COLIAl was 
remarkably repressed at出etailbud stage (st. 30). 
Table 1. Dose dependent inhibition of gastrulation movements in cpg injected embryos. 
cpg mRNA (1 ng) or s-glα1 mRNA (1 ng) for control was injected into two lateral 
equatorial regions of出e2・celembryo. 百lephenotype was scored at出etailbud stage. 
Injection of a low dose of cpg mRNA (250 pg) resulted in slightly defective phenotype of 
gastrulation. These embryos developed to partially defective embryos as shown in Fig. 
3D at出etailbud stage. The injection of higher doses of cpg mRNA (ミ500pg) strongly 
interfered with gastrulation. Tbese embryos developed to severely defective embryos as 
shown in Fig. 3F. 
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Table 2. Equ瓜orialinjections of cpg mRNA produced most severely defective 
embryos. cpg mRNA (1 ng) was injected into出eanimal pole， lateral equatorial， or
vegetal pole regions of both blastomeres of出e2-cell embryo and the resulting 
phenotypes were scored at出etailbud stage. 百leinjection into the lateral equatorial 
region most severely affected gastrulation movement.百lephenotypes followed those of 
Table 1 and Fig. 3. 
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Table 1. The dose圃dependenteffects of cpg on gastrulation 
inRjeNcA ted Dose severe defect of 
(posSt1e1Ear1hs0t rdI蹴Lelafietsicot dn eof ect) 
norrnal (/blastomeres) (no ghaesatd msltarUuocn ture) 
nl=n8g 2 90% 9% 1% 
υC J
5n∞=9p2 g 87% 12% 1% cpg 
2n5=09p3 g 36% 47% 17% 
s-gal lng 0% 。% 100% 
Table 2. The injected site-dependent effects of cpg on gastrulation 
injected severe defect of (poss回lEIEahsotkrd叫四eafeuscot dn eokf ct) ghaesaUd 1s 1auon normal reglOn (no 加 cture)
出nmal 23% 35% 42% 
¥.;J n=l24 
炉... 
2-cell mnar=g9i6 ml 83% 17% 0% 
vne=g1e0u9 l 45% 329も 23% 
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，It' '* * '* * '* '* * * * * * 
cpg tごPVCHK工工 HGAGKLPRHMRTE.TGEKPFvICOVCGVRFTRNDKLKIHMRKH廿GERPYdCEHCSARFLHSYDLKNHMHLHI
hc-krox --ーー一一ーーー自由ーーー一一一一一一一一一ー一一 -A-E-ー ーー一一ーーー一一一一一一一一一一一ー一ー --S-P--P一一一一一一ー一ー一一一一一一一
町田-krox ---一ー一一一一ー-----ー一一一一一一一一一一 -A-E-一一ーーーーー一一一一一ー一一一一ー一ー一ーー -S-P--P-ー 一ー一一一一ーーーーー一ー-
APM-l --1一一一V-M-ーーーーーーーーー一一一一一一一 YM-T工-E-----Q-一ー一一一一一一一一一一一一一 L-工一一 N-K-V-N一一一一一一一R工-
OCZP' --1 -E -V -Q一一一一ー一一ー工ーーーーーーー -YE-N工-K-----Qー 一ー -V一一一一一一一一 K--L-QQ-G-A-A-N一一一一一一一RV-
mLRP' -ー 工 -E-V-Q一一一 一一一一一 工ーーーーー一ー -YE-N工-K-一一ー -Q-ー ーー V- 一ーー 一ー --K--L-QQ-G-A-A-N-ー 一一一一一 RV-
gLRP'ー工-A-V-Q-一一 一一一一ー工ーー一一一一ー -YE-N工-N一一一ー -Q-ー ーー V-一一一一一一 -K一一 L-QQ-G-A-A-N一一一一一一一 RV-
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